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The  E 1  ec  t  rochc:ni  s  t  r y  of  f  anganose  Ph  tha  locyan  i  ne 
in  *.'on-Aqucous  r.erlia 


.>y  A.  l; .  P.  Li.vor*,  P.C.lWnor  an.l  J  .  P . i  1  sh  i  rf 


isuccived  October  1st  IjLO 


Abs  tr.act 

The  clectroc.heini  cal  I^ehcviour  of  nar .;ar,ese (  I  I  )  pluha  1  ocyan i  re 
lissolvoci  in  pyridine,  d  i’nr  thyl  sul  foxi -le,  or  d  inethy  lacetani  do  is 
reportoil,  in  the  pri  sence  of  perchlorate,  chloride  and  bronide 
Supporting  electrolye  anions.  Electron  transfer  couples 
representing  net  oxidation  of  iianpanesn,  and  of  the  ph tha locyan i ne 
ring,  .3rid  t\,o  ret  r>'luctions  of  the  ph  tha  1  ocyan  i  ne  rire  are 
cl'.arac  ter  i  sed  by  a  ran;;c  of  e  1  cc  I  rocheni  ca  1  techrinues,  vith 


r.  ipl'.as  i  s 

on  cyclic  vii  1  1  a:  •  ie  t  r  y .  " 

<•  t e ro  ’  enooi IS 

ra  to 

corstarts  are 

re  ported 

for  scv'^ral  of  t.hnse 

COUP  I es  i r 

the 

Pros  T' nee  of 

perchlorate  ion.  All  tie  couples  show  close  to  ideal  reversible 
In.hav  i  i3ur  except  at  hi, dor  scan  rates  for  chloride  and  bronide  as 
j  ii  u-'o  r  t  i  r.;;  electrolyte  anioes,  v.here  some  deviation  is  observed. 
This  systci  loos  not  ox.hibit  such  sensitivity  to  ervironnent  as  \.as 
previously  ol.served  ./ilh  iron  pl>  tli.i  locy.';n  i  ne  . 


A. 


■Mi 


MMMHMtflillll 
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1 ntroHucti on 

Kc'ccnt  studies  have  clearly  establlsl’ed  the  involvement  of  marcancse 
in  the  niio  tosyii  the- 1  i  c  production  of  oxysenl.  Since  the  process 
requires  several  oxidising  equivalents  of  chlorophyll,  \/hose  radical 
cation  ultii'.ately  effects  oxidation  of  the  manganese  site,  the 
cngrgetics  of  manganese  redox  processes  are  of  singular  importarce2. 
..o  have  therefore  extenlc)  our  studies  of  metal  oh  tha  locyar  i  res3, 4  ,  red 
those  of  others3-9  to  include  redox  potentials,  products  and  electron 
transfer  kinetics  of  Pcln(ll)4. 

oe  report  here  the  oxilation  of  ?cJn(ll)  to  Pci'nilll),  lirard 
oxidation  of  the  latter,  and  tv.o  successive  one  electron  reductiors  of 
the  foriier.  Differential  pulse,  and  pulse  polarography,  cyclic 
vol  ta  irnetry,  cor. trolled  potential  couloietry,  electronic  spectroscopy  , 
magnetism  and  esr  are  pi-eser.ted  to  characterise  the  products. 

^ xper  i  iiicii  ta  1 

Preparation  and  purification  of  Pcln(ll),  solvents  and  supporting 
c  1  (jc  t t  o  1  y  tc  have  lM?en  previously  descr  i  bed 3,  4 ,  10 .  Argon  ges, 

.Icoxygci.a  ted  and  dried,  '.;.:s  eiitloyed  to  purge  the  solutions.  Platinum, 
l.angitig  mercury  drop,  and  droi'ping  tnercury  electrodes  vrere  used  in 
conjunction  v.'i  th  Princeton  Ai  plirtd  Research  -aodels  1  73,  174A,  175  an"' 
i7S  ,  a  'JU02.A  X-Y  recorder,  and  a  Tektronix  5105:.'  storage  oscilloscope 
it.  electrochemical  studies.  Ail  volt.iges  are  referred  to  connr-rcial 
silver-silver  chloride  or  saturated  calomel  electrodes  fitted  \i th 
Luggin  capillaries.  The  voltcgos  reported  here  are  corrected  to  a 
saturated  calomel  electrode  ’..t  ttse  potential  v;as  monitored  from  tine  to 


7  . 


line  a^iainst  tlie  f  cr  rocene/ fc  r  rucon  i  un  couple.  Electronic  spectra  were 
rccorij(;d  v;i  tii  a  Varian  Cary  14  or  Perki  r.-Eliner-Hi  tachl  model  PE- 340 
uv/vis/nir  micro-processor  spcctro-ieter .  (‘agnetic  measurements  were 
obtained  in  solution  by  the  Evans  nethorHl-13  using  a  Varian  Ef'-360  mr 
spectrometer.  Esr  Spectra  were  obsei’ved  ivi  th  a  Varian  E-4  spectrometer, 
calibrated  with  bPPH  as  external  calibrant^  In  frozen  solution. 

Results  and  Discuss  ion 

Four  electron  transfer  steps  lying  between  +1.0  and  -1.9V  (vs  see) 
\-ore  observed  using  continuous  scan  voltammetry  (Fig.l).  They  represent 
c\/o  net  oxidations  and  two  f^et  reductions  of  the  hulk  solution.  This  is 
similar  to  our  experience  with  PcFe(ll)3b  which  exhibits  one  oxidation 
and  two  reduction  v/aves  in  the  same  region.  Earlier  authorsB  who 

studied  po  1  a rog r ams  of  e  1  ec t rochom ? ca  1  1  y  generated  (Pefn)-  v/ere  unable 
to  obtain  reproducible  results  Ip  the  region  0  -  -1.4V.  kle  did  not 

i n ves t i ga te  v/nves  reported  by  Clack  and  dushS  at  potentials  more 

catfiodic  than  -1.9V. 

Tiic  potentials  of  the  three  couples  between  0  and  -1.9V  were 

obtained  under  a  variety  of  solvent  and  electrolyte  combinations  hy 

three  electrode  cyclic  voltammetry  on  platinum  electrodes  ( E°  =  (F  + 

Pa 

E  )/2  )  and  are  summarised  in  Table  1.  The  values  of  E°  ,  so  renorted 
Pc 

from  slow  speed  scans  ,  are  essentially  independent  of  scan  rate  exrent 

in  the  presence  of  halogen  sui'portine  electrolyte  anion.  The  values  of 

E  -  E  obtained  at  the  diffusion,  limit  (10  mV/ s  scan  rate)  were,  in 
Pa  Pc 

each  case,  t/ithin  a  fe\/  millivolts  of  ideality.  Polarographs  were 

obtained  at  this,  or  a  lov.er,  scan  rate,  for  soie  of  the  electron 
trat-sfer  couples.  Differential  pulse  polarograms  (at  1  mV/s  scan  rate. 


liiOiJu  1  a  t  i  on  voltiT’.o  2i>:iV  i>-p)  \.rrr  also  rrcoric.l  and  ^3/^  "  ^1/4 
dc  cc  ri.i  i  ncid .  llalf-'vavo  potontials  from  the  various  methods  agreed  v/ithin 
iOnV.  Values  of  n  =  1  (+  (n  is  the  number  of  electrons  Involved  in 

the  electron  transfer  step)  for  the  first  and  second  reduction  steps 
were  confin.ied  by  throe  electrode  coulometry  employing  a  platinum  mesh 
electrode.  itudies  at  higher  scan  rates  gave  values  of  E-  ,  t  ' 

i  (anodic  and  cathodic  peak  potenti.als  and  currents  respectively) 

wnich  i.cre  subsequently  analysed  by  the  ripthods  of  -icholson  and 
dl.ainl4.  This  identified  deviations  from  reversibility  arising  from 
electron  transfer  kinetics  or  coupled  chemical  reactions.  Internal  cell 
resistance  was  compensated  electronically. 


First  oxidation  -  Pc  ( -2  )l'.n  (I  I  I  )  32*/ Pc  ( -2  )!'n  (  1  I  )  $2  :  4 
As  indicated  by  slow  scan  rate  data  and  using  te t rae thy  1 ammon i um 
perchlorate  (TEAR)  as  supporting  electrolyte,  this  couple  is  nearly 
reversible  at  the  diffusion,  limit  in  all  solvents  investigated 
indicating  little  kinetic  inhibition  from  cither  slow  electron  transfer 
or  coupled  cho.mical  reactions.  Controlled  potential  electrolysis  at 
+  0.iV  yields  a  species  \.diose  electronic  spectrum  is  characteristic  of 
typical  mononuclear  (nangoi.r  se  (  I  1  I  )  ph  tha  locyan  i  ne  species  reported  by 
Calvin  and  co-\/o rke r s  1  b .  Uti  this  basis  v;e  assign  the  first  oxidation 
pro  luct  CO  a  Pc(-2)!'.n.(  I  I  I  )  species. 

The  ilcpon  Jonce  of  the  half-wave  potential  upon  solvent  reflects  an 
it.crr.iised  stabilisation  of  the  divalent  state  with  the  stronger 
coord  i  r.a  t  i  ng  solvents  (pyridine  >  PI  SO  >  DI'A  =  PflF)  .  A  similar  but  more 


proi.oiinced  dependence  is 


seer  \/i  th  iron  ph  tha  1  ocyan  i  nes  5 


Cohal t(  I  I  ) 


w 


pn  cha  1  ocyan  i  Ties  /c  vc  r  cxl'.ibit  a  rcvcrsr^  trr.’nJ  with  the  i^iore  strorply 

'-lonor  solvents  favourin;;  cobalt(MI).  The  rationale  for  this  varied 

behaviour  has  been  pre  sen  ted .  16  The  Pc'inC  I  I  I  )/Pcfin(  I  I  )  redox 

potential  also  depends  upon  the  supporting  electrolyte  with  the 

trivalent  state  being  favoured  by  the  'lore  strongly  coordinating  anions 

(Cl”  >  Br”  >  CIO"  ).  Evidently  tlieir  coordination  to  manganese  (  I  I  I  )  is 

4 

important.  This  is  confirmed  by  their  electronic  spectra  which  show  a 
larked  dependence  of  the  visible  ('ll  band  near  700  nm  upon  counter 
i  on .  1 7 

Previous  studios  have  sho\;r.4,15  that  the  solid  species  f’cI’n(lll)X 
(v.'here  X  is  halogen,  hydroxide,  acetate  etc)  are  high  spin  and  probably 
five  coordinate.  In  contrast  the  solution  susceptibility  of  the  highly 
soluble  te  t  ra- t-bu  ty  1  ph  tha  1  ocyana  tof.ianganese  (  I  I  I  )  hydroxide,  in 

pyridine,  corresponds  to  t\/o  unpaired  electrons  within  experimental 
error  (2.6  iili  at  rooin  te.ip.)  implying  low  spin  d4  manganeseC  I  I  I )  v;hich 
is  a  rare  occurrence  for  macrocyc 1 i c  ligands.  Thus  in  strongly 
coordinating  solvents,  manganese ( II  I  )  ph tha locyan i nes  may  be  six 
coordinate.  3  itn  i  1  ar  1  y ,  so  1  u  t  i  ons  of  Pcf'n(  I  I  )  in  coordinating  solvents  are 
six  coordinate  and  low  spin  as  sliown  unequivocally  by  their  esr  spectra, 
typical  of  lov/  spin  d5,  3  =  1/2  speciesilS 


Pc(-2)l.n(  1  1 

=  l.,;5  .  2.16  |\|. 

0.0158  =  0. 004S4cm”^ 

Pc(-2)l,n(  1  1  )  (Py)^  g, 

•  l-i’  '•’i.  -niG  p,|  = 

0.0147  I  =  0.00484  cm”^ 

Pc  (-2}r,ii(  1  1  )  (4-EtPy)2 

=  0.014  7|a^  *  0.004 7 Sem""' 

oolutioiis  of  Pcl.n(ll)  in  pyridine  yirllod  a  solution  magnetic  moment  of 
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i.C  L;I-.  at  room  te:np.  coiifir  linf,  lh;e  csr  cl;arac  t  e  r  i  sa  t  i  on  as  a  lov/  spin 
d5  3  *  i/2  ion. 

.n  tH  TEAR  as  supporting  clectrolytn,  i  cho  1  son-3lia  i  n  analysislU  is 
consistent  with  previous  evidence.  The  oxidation  of  PcfXII)  ir 
pyridine,  and  in  r/.‘‘30,  is  nuas  i  -  re  ver  s  i  b  1  e  with  less  than  5%  variation 
in  the  unit  value  of  (i  /i  )  over  the  ranee  of  scan  rates  ohserve"* 
(lOnV/s  -  50  V/s).  The  function  (ip/v'^  )  is  also  constant.  T'-pse 
observations  are  corsistent  \;i  th,  but  do  not  prove  that  both 
nanganese  ( I  I  )  ar.d  manganese  (  I  I  I  )  species  are  six  coordinate  species. 
3i;ni1ar  behaviour  would  be  expected  if  either  species  were  five 
coorditiate  but  rapid  solvent  exchange  was  taking  place.  Considering  the 
solution  inagnetic  data,  however,  it  is  likely  that  the  oxidation  pro'^uct 

is  iPc(-2)t;n(  M  I  )o2J.''"  CIO  “  (at  least  for  S  *  pyridine  or  Df'.S0)l%  . 

4 

Kather  different  behaviour  is  observed  when  the  supporting  electrolyte 
contains  bromide  or  chloride  ion.  L»oth  anodic  and  cathodic  peak 
potentials  shift  at  higher  scan  speeds  consistent  with  a 

quas i - revers i b 1 e  electron  transfer  with  transfer  coefficient  0<  <  0.5.19 
Tiicre  appears  to  be  a  snail  dependence  of  E  °  upon  X~  ,  though  not  as 
marked  as  was  observed  in  the  cor respon  1  i ng  RcFe( I  I  I )/PcFe( I  I )  electron 
trai.sfer  step. 3 

In  most  solvents,  the  mors  coordinating  aniors  shift  the  potential 
ca tho  1  i ca 1 1 y  relative  to  less  coordinating  ions,  consistent  with 
equi 1 ibria  (1)  and  (2) . 


Pc(-2)r,n(  IDS 


lPc(-2)i;n(  I  M  )S  /  + 

2 


(1) 


'  • 


iPc(-2)l'n(  111)3  1+ 
2 


rc(-2).’‘.p(  I  I  I  )X(S)  +  S  (2) 


Those  equilibria  must  rcasor,ably  occur,  but  must  be  kinetically  very 
labile  since  even  at  the  hishnst  scan  rates  there  is  no  evidence  for  a 
cathodic  v.ave  correspondin’:  to  reduction  of  the  species 

Pc  ( -  2  )lMn(  I  I  I  )  X  ( S ) ,  in  con  t  r  a  i  i  s  t  i  nc  t  ion  to  the  analorous  iron  system. 3 

le  teroser.eous  rate  constants  (ks^  reversible  case  with 

perchlorate  ion  as  supporting  electrolyte  v/ere  obtained  from  the 
r  0  1  a  t  i  o  n  s  h  i  p :  1 9 


y(AEp,n)  =  ^g/iraD^)^ 


\.l.ere  a  »  nF(scan  rate)/PT,  is  the  diffusion  coefficient,  oi  the 
trai'isfer  coefficient,  0(  was  polaro/*raphica1  ly  determined  to  be  0.48  and 
Uq  was  obtained  from  the  Ran  1 1 es-Sevci k  r e 1  a t i or sh i p.  The  results, 
reported  in  Table  2,  indicate  only  a  slipht  dependence  of  k  upon 

S  - 

solvent  for  the  Pc  ( -2  )I  .n  ( I  I  I  )  /  Pc  { -2  )l'.n  ( I  1 )  couple  (and  no  dependence  for 
the  reduction  couples  discussed  below).  '.(hen  chloride  or  bromide  are 
used  as  electrolyte  anions,  the  coupled  reactions  (1)  and  (2)  occur  and 
the  expression  for  the  peak  potential  must  contain  equilibrium  constant 
data  for  equ.(2).  Sir.ee  our  data  lo  rot  clearly  distireuish  a 
quas i - rovers i b 1 e  electron  transfer  from  an  EC  mechanism,  we  do  not 
atterpt  to  calculate  rate  constants  in  the  presence  of  chloride  and 
bro  li  de  i  ons  . 


liov.’over  since  a  necli.riblc  leviation  of  A  Ep  from  the  ideal  53  nV  was 
observed  at  low  scan  rates  with  all  solvent-electrolyte  combinations  it 


is  probable  that  the  ko  values  do  r.ot  differ  significantly  from  those 
reported  for  the  perchlorate  anion  solutions.  Thus  a  strong  I'.n-X  bond 
is  not  especially  rate  limiting  where  both  PcfnCII)  and  Pct'n(  M  I  )  are 
six  coordinate. 

di  .oinparison,  when  five  and  six  coordination  are  possible#  the 
conditions  dictating  different  geometries  for  each  oxidation  state  can 
provide  a  kinetic  barrier  for  the  rcdox  process.  In  a  study  of  the 
analogous  TPPtln  ( I  I  I  )  C 1  (TPP  =  tetrapheny  1  porphyr  i  n)  Kadish  and 

co-work(:rs20  found  that  addition  of  imidazole  to  methylene  chloride 
solutions  yielded  a  six  coordinate  ."n(IM)  species  and  an  out-of-plare 
five  coordinate  nanganese( I  I )  species.  There  was  a  three  order  of 
(T'agnitude  electron  transfer  rate  reduction  for  the  imidazole  ad'^uct 
relative  to  the  chloride.  Our  results  are  consistent  with  Kadish's 
conclusion  that  metal  novemerit  with  respect  to  the  equatorial  ligand, 
rather  than  axial  bond  breakage  ,  Is  rate  limiting.  The  effect  of  spin 
state  change  upon  electron  transfer  rates  in  these  manganese  systems 
remai  iv  undetermined  since  Pc’in  and  TPPMn  are  low  and  high  spin 
respectively  In  both  their  +2  and  +5  oxidation  states. 

Second  oxidation  -  Pc  (  - 1  )f  n  (  I  I  I  )  $2  /  Pc( -2  X'n  {  I  I  I  )  $2 

The  second  oxidation  \;ave  v/as  observable  only  in  DI’F  due  to  the 

sparing  solubility  of  tlie  parent  species  and  relatively  high  solvent 

oxidation  currents  in  all  other  media  1  nves 1 1  ra ted .  l.hcn  observed  ip 

rigorously  dry  kMF  at  "lodoratc  scan  rates  (0.2  -  2.0  V/s)  cathodic  and 

o 

anodic  waves  './ere  scon  at  an  average  F  of  0.8707.  Although  cou  1  o’-'o t r  1  c 
n  val'jus  \/erc  within  range  of  unity  (n  «1.28  t  b*;  over  six  runs)  ,  ro 
stable  species  v/as  obtainel  by  controlled  potential  oxidation.  Since 


1 


the  species  on  the  electro  1g  prior  to  oxidation  is  Pc(-2)l‘n(  I  I  I  )S^  ,  t^  e 
probable  oxidation  proiucts  are  Pc  (  - 1  )rn  ( I  I  I )  or  Pc  ( -2  )f‘n  ( I  V) 
(nefilecting  solvent  coordination).  M though  the  latter  cannot  be 
entirely  excluded,  v.-e  prefer  the  forner  on  the  basis  that  the  voltage 
separation  between  this  couple  and  the  first  ligand  reduction  counle 
(see  below)  is  1.C3V.  This  is  in  excellent  agroenent  'vith  the  averare 
voltage  separation  (i.bfcv')  observed  between  ring  oxidation  and  reduction 
in  a  series  of  main  group  letal  lophthalocyani  i.es22  where  no  ambiguity 
exists. 

First  reduction  -  Pc(-2)l  n(  I  I  )S2 /Pc(-3)i‘'r(  I  I  )32 

Earlier  v.'ork  by  Clack  and  MushC  mentions  the  intermittent 
appearance  of  two  waves  at  -0.755  and  -1.008V.  Our  studies  show  the 
forner  wave  under  all  enn,  i  i  t  iors,  but  the  latter  is  seen  only  in 
inadequately  purged  solutions.  Tiie  former  wave  shows  almost  no 
electrolyte  anion  dependence  and  a  rather  small  solvent  dependence  (  < 

.IV,  see  Table  1)  .  This  comparative  insensitivity  to  environment  is  a 
strong  clue  to  the  nature  of  the  product,  \;hich  must  either  involve 
reduction  of  the  metal  to  Pc(-2)l'n(l)  or  reduction  of  the  ligand  to 
Pc(-5)lin(  I  I  ) .  Our  earlier  studies  with  the  Fc  ( -2 )  Fe  (  I  I  1 ) /P( -2 )  Fc  (  I  I  ) 
coupiei  reflect  a  s  tah  i  1  i  so  t  i  or.  of  low  spin  d6  Pc( -2 )  Fe(  M  )  Sg  which 
results  in  a  >  0.7V  variation  in  potential  for  the  solvents  studied 
here.  This  \.'as  ascribed  to  bock  donation  by  the  iron(ll)  species  being 
enhanced  by  the  stror,;:er  'onor  oxial  ligands.  If  IlnCI)  ,  expected  to  be 

low;  spin  d6,  is  produced  during  this  reduction,  a  significant  solvent 
effect  for  this  ion,  v/h.ich  should  be  an  effective  pi  donor  to  Pc,  is 
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anticipatcd.  I'.orcover  v.hen  the*  e  1  pc  t  rochcni  ca  1  solution  Is  saturated 
with  carbon  'nonoxide,  no  shift  in  potentials  is  soon  from  which  we  may 
coriclude  that  this  reduced  soecics  docs  not  react  with  carbon  monoxide. 
A  mar.fianose  ( I  )  species  would  be  expected  to  react  with  carbon  monoxide 
In  parallel  with  the  chemistry  of  the  i soe 1 ec t ron i c  Fe(ll)  and  Ru(ll) 
phthalocyani res .  The  absence  of  a  stronc  solvent  effect  and  of  reaction 
with  carbon  monoxide,  argues  forcefully  for  the  first  reduction  product 
to  involve  reduction  of  the  t-'bthalocyani  ne  ring. 

Althou(;h  no  csr  spectrum  v.as  observed  with  this  species,  this  fact 
lends  no  support  to  either  assignment  since  even-electron  systems  are 
often  csr  Inactive.  The  electronic  spectrum  of  the  reluced  solutlrr, 
first  reported  by  Clack  and  co-workers21  is  more  enlightening. 
Although  the  Q  band  absorption  for  Pc<-2)f.n(  I  I )  is  blue  shifted  v;l  tb 
respect  to  that  of  Pc(  “2)11111;  I  i  i  )C1  the  shift  (50  nn>  Is  small  and 
reflects  greater  repulsion  tictwcen  l•1Gtal  Cg(pi)  and  phthalocyani  re 
eg(pi*)  orbitals  in  the  former  species.  The  monoanion  ,  however, 
exhibits  a  Q  band  blue  shift  of  greater  than  130  nm  placing  it  In  the 
some  spectroscopic  region  as  other  mota I loph tha locyan I ne  anion  radical 
species  which  have  been  ijr;a  ib  i  guous  1  y  Identifled21  ,  Similarly  the 


oxciriction  coefficients  for  liic  visible  rrr.  i  no  t  rnns  i  t  i  ons  are  S'’’?11or, 
by  i.iorc  tfun  an  order  of  i  M/,ti  i  lu  lr,  than  those  observed  for  other 
ph  tha  1  ocyan  i  ne  ( -2 )  s;eci»'siU  .  h  i  r.a  I  1  y  the  sef)aration  between  tlie 
purportc'd  lit;and  oxidation  ar.d  reduction  is  within  the  range  observed 
with  other  main  group  and  transition  metal lophthalocyani nes22.  Since 
tl'.e  metal  remains  bivalent  anj  the  electrochemistry  is  fully  reversible, 
v;e  assume  that  tv^o  solvent  i'!ol(?cules  remair.  coordinated. 

Second  I'.eduction  Pc (  - 3 )l  n(  I  I  ) / Pc  ( -4 )l'.n(  I  I  ) 3  2 

In  tills  case  reduction  could  yield  ?c(-5Jtn(J)  or  Pc{ -4  )f  n(  I  I  ) ,  as 

the  ..lost  probable  products.  Tie  potentials  for  thiis  couple  (Table  1) 

irdicate  inir.ii.ial  solvent  and  electrolyte  depenHrVice  arguing  strongly  for 
li,  cjnd  rather  than  metal  re.luction  as  discussed  above.  M  though 
polarographic  results  reflected  the  essential  reversibility  of  this 
couple,  cyclic  voltammetry  data  \,orc  often  rendered  unreliable  by  high 
solvent  background,  especially  at  high  scan  rates.  A  N I  cho  1  sor,-3ha  I  n 
analysis  was  therefore  not  perf.anned. 

The  e 1 ec t rochemi ca 11 y  pro  luced  double  reduction  product  has  an 
electronic  spectrum  similar  to  tl.at  of  its  1 ’ono-an  i  on  i  c  parent,  in  that 
the  i  bond  energies  arc-  of  relatively  high  energy  and  lov;  intensity. 

Tie  esr  spectrum  of  tlie  di -anion  is  similar  to  that  observed  for  the 

di-anion  of  TsPcI.n  (TsPe  *  telrasul  fonated  phthalocyanir.e)  which  has 
been  previously  assigned  as  d7  TsPc(  -  2  )f’n(  0 ) .  2  5  '..'ere  this 

cla  r  ac  ter  i  se  t  ion  correct  its  esr  spectrum  should  have  ffjj  and  valuns 

comparable  to  the  electronically  ar.alogous  Pc(-2)Co(ll)  ar.d  Pc(-2)Fe(l). 
..c  v.oi.ld  also  anticipate  that  such  a  species  should  exhibit  marled 
solvent  dependence  i  r.  both  its  nsr  spectrum  and  Its  elcctrocher’i  stry 
because  of  the  presence  of  an  unpaired  rlrctron  ir  the  z2  orbital. 
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hilopd  it  is  most  likely  to  be  five  coor'iinete  (low  spin  rl7^  cf 
- 2 ) Fe ( I ) 3 3b  )  .  The  esr  spcctruM  of  the  di-onion  is  in  fact  very 
iiiioior  to  that  of  the  six  coordinate  low  spin  d6  Pc( -2)fp(  I  I  ) 
precursor.  The  reversibility  observed  in  the  e 1 ectrocheni s t ry  of  this 
cc.es  and  the  absence  of  any  following  react  ion  leads  us  to  assume 
cl. at  the  coordination,  number  probably  renoins  six  with  two  coordinated 
5).  vent  molecules.  The  species  is  therefore  assi;;ned  as  °c  ( -U  )!'r  (  I  I  )  S  2 . 

Conclusions:  '..ithin  the  range  studied,  the  marpancse  ph  tha  1  ocyan  i  nr 
system  gives  rise  to  the  species  Pc(  - 1 ).' .n  (  I  I  I  )  3^+  +  ,  Pc  ( -2  llr  (  I  I  I  )  S  , 
Pc  ( -2  )l  in  (  I  I  )  S  2/  Pc(-3)r.n(  I  I  >32  and  ?c( -4  ).’ln  (  I  I  )  S  £/  v.here  in  the  case  of 
tiie  ;  i.jnganeseC  I  I  I  )  species,  a  solvent  inolecv.le  nny  be  displaced  by  an 
anion  X.  do  evidence  of  i.ianjianesoC  I )  was  observed  in  distinction  to  the 
iron  and  cobalt  scrlos3,17  The  electron  transfer  rates  of  the  Pcln.(ll) 

'  icetron  transfer  steps  are  similar  in  inagnitude  to  those  usually  found 
ii.  analogous  porphyrin  scrit's24  .  Lnlike  TPPI'.n (  I  I  I  )C  1  however,  the  rate 
is  iioc  profoundly  changed  by  either  choice  of  anion  or  coordiratirp 
.lo'j'ius.  The  Pc(-2)fin(  I  I  I  )/?c(-2)f;n(  I  1  )  couple  appears  at  a  slightly 
i.iorc  anodic  potential  than  in  the  porphyrin  series.  Pcductior  of  the 
ph  t'la  1  ocyan  i  ne  ring  hov.-cver,  to  form  Pc(  -  5  )f.n  (  I  I  )  $2  appears  0.5  -  0.8V 

anodic  of  the  corresponding  porphyrin  rrductior25  .  These  trends  arc 
cot.sistent  with  earlier  views  of  the  compa  ra  t  i  vo  electrochemistry  of 
lorph.yrins  and  ph  tha  i  ocyan  i  res  3,  26 .  This  comparison  illustrates  the 
variation  i  ri  coordination  electronic  and  geoinc  tr  i  c  structure  accessible 
within  the  class  of  compounds  and  its  effect  upon  electrochemical 


: )  <■  c. ;;  e  r  t  i  e  s  . 
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g.l  Cyclic  voltar.nogrfim  of  FcM'>(Il)  dissolved  in  dimethylfornimide  containing 
TetraethylEnunoninn!  perchlorate  as  supporting  electrolyte.  The  scan  rate 
is  50  rnV/s. 

.2  Hicholson-Shain  analytical  plots  for  the  {I^)Cl>ln(lIl)Pc(-2)  /  {Fy)2l5n( Il)Pc(-2) 
.pie  in  pyridine  containing  lithiiam  chloride  as  supporting  electrolyte. 
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